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Surgeries of t heeye,car, face, 1)100(17 vesselsand s
system require fine and precise wanipul agion of s )
instruments. Surgeons performing these procedure oo k
on tissue features of aboutfifty to afew huridv dinie |
in size and visualize the surgical ficld thvouphan oy

scopre. Cmrent Practice immicrosurgery reguites 1111 . 1

geon to manually manipulate instruments des g ped {0y
specific parts of aprocedure while viewinig | e Dt

mient tips under the microscope,

A tool” that wouldgrcatly improve asumgoons
formance in microsurgery practice is one that peyfivn e
a function analogous to the microscope but fo oy the n
chanical interaction bet ween the surgeon and thop e
The microscope amplifics the visual information fron (he
surgical site to the surgeon. A toolthiat conld scale (onon
the surgeon’s hand motions to the surgical sivcv onl 1l
low greater control of motions of surgicalinsnuvmertali
so result inmore precise microsurgery. Thiswou fd oo
the average sin/, (111 to pCrformat thelevelofthoe
gurgeons aud allow the most skillful sitrrp, co ntogalam
ataneven higherlovel [#1].

The authorshave 1)( '(11 working with Steven i 1w
MD, a vitreo-retinal surgeon, to dovel op suchatoo] |
Robot Assisted MicroSurgery (R AMS) telerobor 1o oy
tem (ICVClIoDC (1 atdPl 3] is aprototype of” sy s b
will be completely undler the manual control of @ oo
The system has a slave robot that will hol 1 auagica i
struments.  <1°11(" slave vobot motions replic st tho of
the surgeon’s hand mcasured using a mas ¢y nmput o
vice with a han dle shap ed like the handle of & . ool
instrument. The surgeo nco nuna nd s motions fonr b,
strum ent by moving the handle in the desnec 1 oovajoonn
ries. The trajectories are measured, filter ed. s et (wn
and then used to drive the slave robot. A pliovo vaphiol
the RAMS systemshown is 011 Figure 1.

. 1D wserirTon
Fngincering components of the system ave show 1),
drawing, on Figure 2. Sub systains of the RAMS vy 1o
are:
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<slave robot systenn

o 1hewmechonial suh sgslemn. including the motors, en-
aders, gearand cab I dvive systemn s, the links and
omrs of theslave yoh b and master input de vice,

o lie clec:tyioal selosestom, ineluding safety eleetyon-
s,

o the sereoycomtod < odisgs fene, including the servo:

control . ftware aud commmnication and sha red

HE oy sofowa el s

o 11 ¢ Lincinatic conirel. de monstration modes and
e ¢ inte dfonoosofiu uic subsystemn including the fo -
w o d and Inverse Einematios algoritlins of the slave
ill dmastadem onst ation modoes and the yser dis-

plavs and input control for the slave robot

A dvawing of the Dnteraciion between the sub-systems
of the RAMS slaveaobot i shownron Figuie 3,

L B I I I [ B
“I he RANMS i ster and stave manipulators are s i x
degrees of-fie, dom tendon drviven robotic arms designed
10 be compact ve ot exhiily precise relative position -
r

g capahility Physically rhe slave armmoasures 2.5 ain.
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Fig. 2. RAMS systemn components .
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Fig. 8. Interaction hetween sub-systemns of the AN S 1

robot system,

in diameter and is 24.6 em. long from its bosctonp
is mounted on a cylindri cal base housing whicun s,
11.9 cm. indiaancter 1)V 18.0 em. long containimge all |
the drives that actuate the avin. The slay ¢ inon ad s
weigh 2.5 kg The master arm is 2.5 cm. b diaon o
and 25.0cm. long, Jtsbase is 10.8 cim. by 1% 1 |,
23.[1em. ') ke mas ter arym and base weigl s 3.6 Ly bl
arilis attow for the passage of a ().3 . cable thione
the length of the arin for p ower, suction 01 conmnuroe
tion. Three of the joints on the master ave poworcd o g
low the exertion of” force feedback tothe smpcan sl
A unique joint design used o1 the shoulderand (i,
joints of the master and slave arms allow deconpled o
tion of all joints of the robot. The arms have zevo o1
zero ba ckla sl and low stiction for accurate PO S
The wrist kinematices design hased on the Lo atye
the Ross-1lime Designs, Ine. OMNEEWRIST [2f [1]. "0
wrist 011 the RAM S slave robot is lightwel; It and ha
a high load rating. Motorsand (12 QA1 s ol sl
robot arm are ca sily removable allowing thear o b
sterilized in an antocla ve. Graceful shutdown istoepored
by a numbaer of fault conditions including, nserli con
mat s, fuse, voltage supply, and proce essoy fmwtionsn:
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failures Implonented with optie ally isolated clectronics.
Ivmeratic alporithimes dyeloped for the R AMS gystom
arc concrse, necomate and casily confignred, Filtering o f
Oemorn till sy con’s Landhas 1,11 implementedasa
first ardes Tov Pisssidrer 1 orcase of use of the systemn, a
graphicelusen interfaee isusea to demonstrate a mymber
of wancalandawtonomons control modes of the robot.

LAY PrANs
A mnmler of ad itiona) capabiliti es ar ¢ plannied for fm-
plemeutation on the slaverobot Indepen denttest s witl
he conducted Bl 1 i (C1( vel and Clinie Foundation over
the summey of 1996 A demonstration at JPI, of the
telerobotic sy stemperforming a shimuli ded microsurgical
procedue will also hecorenered conamrrently, A force
s ensor w il banomnted onthe stave robot in 1997 to mea-
sare surgical st e ot ssoe interaction forees. These
oy e signals il beanplifi ed and fed back to the 1rils-
101 armtocuable foreerefiected teleoperation, The ca-
pability of anpificd fooee feedback tothe sitrp, coti will
alow the developmest of pproved procedures {or micro-
surgcry not Cureently poss ble due to Hmited tactile and
Kinesthotie s(rsing,.
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